level I trauma center. Overtriage is defined as the proportion of patients without severe injuries transported to a level I trauma center. Undertriage results in higher mortality and delay of adequate care, whereas overtriage limits the available level I resources for patients without severe injuries. 2, 8 To optimize the prehospital triage system, it is essential to gain insight in the quality of prehospital triage of the entire trauma system or region. The benchmark level in the ACS-COT guidelines is a maximum undertriage rate of 5%, allowing for an overtriage rate of up to 50%. 8 In a Dutch population consisting of high-energy trauma patients only, the undertriage rate was 11%. 10 The quality of triage in the complete trauma population is unknown. This present study aims to evaluate the quality of the Dutch field triage protocol for identifying severely injured trauma patients in a population consisting of adult trauma patients transported by EMS professionals with the highest priority in the Central Netherlands region.
Methods

Study Design and Setting
The present study was performed in the Central Netherlands region using prospectively collected prehospital and hospital data of all adult trauma patients transported with the highest priority by the Regional Ambulance Service Utrecht to 1 of the 10 hospitals in Central Netherlands between January 2012 and July 2014. The region Central Netherlands consists of 9 level II and level III hospitals and 1 level I trauma center in a 2418-km 2 region with a population of 1.2 million people. The University Medical Center Utrecht is designated as a level I trauma center, offering trauma care at the highest level for severely injured patients. The 9 surrounding level II and III hospitals are designed to treat patients without severe injuries. This regional trauma network is based on an inclusive and integrated trauma system. 8 The ambulance care system is nurse-based. Ambulance nurses are licensed to administer medical treatment at advanced life support level, and ambulance drivers are qualified to provide medical assistance to the ambulance nurses. The present study protocol was reviewed and approved by the local medical ethical committee, and patient consent was waived. Analyses began in 2016. 
Key Points
Question What is the quality of the field triage system to identify severely injured adult trauma patients?
Findings This study included 4950 trauma patients and shows that more than 20% of the patients with severe injuries were not transported to a level I trauma center.
Meaning A significant group of severely injured trauma patients does not receive the appropriate level I trauma care, putting these patients at risk for increased morbidity and mortality; improvement of prehospital triage is necessary.
Patients
All trauma patients 16 years and older transported by EMS professionals with the highest priority were included in the study. Patients transported to a hospital outside Central Netherlands and patients transported by helicopter were excluded. Patients were also excluded if insufficient data were available in the receiving hospital to properly calculate the Injury Severity Score (ISS).
Data Collection
Prehospital reports from EMS professionals were prospectively collected and included patient demographics, description of the trauma mechanism, physical examination data on site, prehospital treatment, and receiving hospital. Furthermore, the report included a standardized digital report of specific vital parameters, ie, Glasgow Coma Scale score, respiratory rate, systolic blood pressure level, heart rate, pupil deficit, and Revised Trauma Score. The Dutch national trauma database registers in-hospital data regarding injuries and complications for all trauma patients admitted to a hospital. For patients who were discharged from the emergency department, data were extracted from the electronic patient documentation. Injuries were encoded according to the Abbreviated Injury Scale 90 Update 98.
11 Injury Severity Scores were calculated and used to assess overall injury severity.
Outcome
Severe injury was defined as an ISS of 16 or more. The primary outcome of this study was the quality of the field triage system in terms of undertriage and overtriage. Undertriage was defined as the proportion of severely injured patients (ISS, ≥16) erroneously transported to level II or III hospitals. Overtriage was defined as the proportion of patients with an ISS of less than 16 transported to a level I trauma center.
8, 12, 13 The diagnostic accuracy of the Dutch field triage protocol was calculated for identifying patients with or without severe injuries, regardless of actual destination facility. For this purpose, the level I triage criteria were retrospectively applied to the data set. For this part of the analysis, undertriage was defined as the proportion of patients with severe injuries not identified by the prehospital trauma triage protocol, divided by the total number of severely injured patients. Overtriage was defined as the proportion of patients without severe injuries identified as severely injured patients using the prehospital trauma triage protocol. Prehospital level I criteria were penetrating injury (head, thorax, and/or abdomen), 2 or more fractures of long bones (humerus and/or femur), amputation proximal to wrist or ankle, neurologic failure in 1 or more extremity, unstable pelvic fracture, pupil difference, flail chest, Glasgow Coma Scale score more than 9, deteriorating Glasgow Coma Scale score, Revised Trauma Score less than 11, vitally compromised in airway and breathing or circulation, and body temperature of 32°C or more.
Finally, the compliance of EMS professionals for correct transportation of patients with prehospital level I trauma center criteria according to the Dutch field triage protocol was determined.
Statistical Analysis
Data were analyzed using descriptive statistics, and results were shown in frequencies and percentages. Undertriage and overtriage rates were presented with 95% CI. Multiple imputation was used for missing prehospital values and was performed with SPSS IBM statistical software (version 23.0). Missing values were predicted based on all other predictors, as well as the outcome (ISS). All logistic regression analyses were performed on 5 imputed data sets independently and pooled afterwards for missing prehospital values. Multiple imputation for missing prehospital values has been previously validated. 14 Multiple imputation was used for pulse in 6.76%, respiratory rate in 6.52%, systolic blood pressure in 6.96%, Revised Trauma Score in 8.14%, and Glasgow Coma Scale score in 4.59%.
Results
A total of 6581 trauma patients were transported by EMS professionals with the highest priority in Central Netherlands. Inclusion criteria were met in 4950 patients for the current analysis ( Figure 2) . Characteristics of the study sample are shown in Table 1 . Patients were relatively equally distributed between the hospitals: level I, 1724 patients (34.8%); level II, 1326 patients (26.8%); and level III, 1900 patients (38.4%). The median age was 45 years, 2887 were male (58.3%), and 436 had an ISS of 16 or more (8.8%). Severe injury in 1 of the body regions (Abbreviated Injury Scale score, ≥3) was most frequently diagnosed in the head and extremities.
Of 436 patients with severe injuries, 94 were erroneously transported to level II or level III hospitals, resulting in an undertriage of 21.6% (95% CI, 18.0-25.7). Transportation of 1382 of 4514 patients without severe injuries to the level I trauma center resulted in an overtriage of 30.6% (95% CI, 29.3-32.0) ( Table 2) .
The diagnostic accuracy of the Dutch field triage protocol is shown in Table 2 . The protocol-based undertriage was 63.8% (95% CI, 59.2-68.1), and the protocol-based overtriage was 7.4% (95% CI, 6.7-8.2). The compliance of EMS professionals to the field triage was 72.6%. Overall, 30% of the patients with a positive injury and/or physiology criteria were not transported to a level 1 trauma center. Table 3 illustrates the undertriage and overtriage rates for different subgroups of the study population regarding correct destination facility. The undertriage rate in elderly patients is high at 38.6% (95% CI, 30.8-47.2). A high-energy trauma mechanism resulted in an undertriage rate of 9.1% (95% CI, 5.8-14.2). The group of patients with a positive injury and/or physiological criteria showed low undertriage rates (0% and 2.6%, respectively).
Discussion
This study presents a quality assessment of prehospital triage in identifying severely injured trauma patients using prospectively collected data. Prehospital data were collected from EMS professionals and included every type of trauma patient transported with the highest priority, whether admitted or discharged from the emergency department in all types of hospitals.
The quality of the Dutch field triage protocol remains relatively low. The overall rate of undertriage of the prehospital trauma triage system was 22% and is significantly higher than the benchmark level of 5%, as set by the ACS-COT. 15 This implies that a significant group of trauma patients with severe injuries does not receive the appropriate level I trauma care. These patients are therefore at risk for increased morbidity and mortality. 6, 8, 16 A variety of causes can be identified for undertriage. Closer examination of the elderly patients (aged ≥65 years) in the present study showed a high undertriage rate of 39%. The undertriage rate among the elderly patients was 25% higher compared with younger adults. These findings are in accordance with previous studies showing increased undertriage rates in elderly patients. 17, 18 Elderly patients tend to have more cognitive and physical impairments with preexisting comorbidity, and therefore low energy trauma mechanisms may result in serious injuries. 18 Undertriage of elderly patients remains a substantial problem. Modifications to the adult criteria of the ACS-COT triage protocol have been made to accentuate these physiological and anatomical differences of the elderly population. 19 However, the effect of these modifications has not yet been evaluated. A considerable proportion of trauma patients in our study population experienced traumatic brain injury. Patients with traumatic brain injury are at risk of undertriage because the identification of significant traumatic brain injury can be demanding in the prehospital setting. Previous studies showed a high risk of undertriage in patients with isolated head injuries. 20, 21 In our study population, more than 75% of the undertriaged patients received a diagnosis of a cranial Abbreviated Injury Scale score of at least 3. These patients need access for direct neurosurgical care.
Overtriage is also an important outcome parameter to monitor because high overtriage rates lead to reduced system efficiency, unnecessary burden to the level I trauma center, and lower cost-effectiveness. 22, 23 Our study showed an acceptable overtriage rate of 31% (95% CI, 29.3-32.0). As undertriage and overtriage rates are inversely proportional quantities, overtriage will increase as undertriage is lowered. Overtriage rates of up to 50% are acceptable for prehospital triage to keep undertriage rates to a minimum. 8, 15 Therefore, an overtriage rate of 31% should provide room for improvement of undertriage rates. Our findings support the results of previous studies and confirm that undertriage rates remain high. Although past studies were retrospective, 1 exception is a 2016 prospective study investigating the ACS-COT triage protocol including 17 633 trauma patients, of which 3% were seriously injured (ISS, ≥16). 17 A large group of patients was excluded because of study sampling design, and Newgard et al 17 reported a significant amount of missing hospital data. The authors reported an undertriage rate of 36.4% and an overtriage rate of 28.7% based on the initial receiving hospital. After accounting for interhospital transfers, the undertriage rate was 22%. This higher undertriage rate compared with our results cannot be explained by the difference in protocols because the Dutch field triage protocol has a higher threshold for transport to a level I trauma center. However, there are significant regional differences. Hospitals in Central Netherlands are clustered in relatively close proximity. The level I trauma center is always within a 15-minute drive for an ambulance, whereas this could be more than 60 minutes in some of the regions studied by Newgard et al. 17 The significant lowering of the undertriage rate after accounting for interhospital transfers in the study of Newgard et al 17 could suggest at least some role of hospital proximity. Previous research shows higher mortality rates in trauma patients after interhospital transfers. This emphasizes the need to correctly identify and transport patients with severe injuries directly to a level 1 trauma center. 16 A previous evaluation of the Dutch field triage protocol by our study group revealed undertriage and overtriage rates of 10.9% and 39.5%, respectively. 10 However, this study exclusively included high-energy trauma patients, which could very well explain the difference in Dutch field triage protocol rates compared with the present study. Although high-energy trauma is not a strict level 1 criterion in the current field triage protocol, it can be hypothesized that patients who have an obvious high-energy trauma are more prone to be transported to a level I trauma center owing to EMS professionals' judgement. Other studies have demonstrated that the use of a mechanism of injury criterion could lower undertriage and suggest that specific high-energy trauma criteria should be included in the level 1 criteria. 24 Evaluation of the subgroup of patients after a high-energy trauma in the present study also revealed a lower undertriage rate of 9%, supporting the suggestion to include mechanism of injury as level 1 criterion. The exceptionally high undertriage rate calculated for the prehospital protocol itself reflects the shortcomings of the currently used protocol. It truly fails to support EMS professionals to correctly identify severely injured patients in need of level I trauma care. Fortunately, owing to EMS professionals' judgment, a large group of the severely injured trauma patients was still transported to the trauma center and received appropriate care. The discrepancy in undertriage rates between the protocol itself (64%) and actual undertriage based on destination facility (22%) is probably best explained by the correct assessment of the EMS professionals based on experience regardless of protocol. Previous studies also showed improved triage rates after including EMS professionals' judgement as a triage criterion. 25, 26 The preference of the patient and existing transport patterns could also influence the decision for destination facility; however, the impact of these factors could not be assessed. A validated definition of patients with severe injuries does not yet exist in prehospital trauma triage, to our knowledge. A panel of international experts advised to use a set of parameters for the definition, including 2 injuries with an Abbreviated Injury Scale score of 3 or more and 1 or more additional diagnosis.
27
This would predict a mortality rate of 30% or greater for this group. We defined a severely injured patient as having an ISS of 16 or more. 27, 28 Patients' needs should be matched to the hospital's capability. In this study region, only 1 level I trauma center offers round-the-clock availability of a designated trauma team and continued availability of neurosurgical care. Most patients with an ISS of 16 or more are likely to benefit from level I trauma care.
13,23
Strengths and Limitations
A strength of this study is the prospective prehospital data collection and study design that included all trauma patients trans- ported to all types of hospitals in a specific region. Furthermore, the triage protocol currently investigated is based on the ACS-COT triage protocol, which is adapted as a standard in many organizations worldwide. Therefore, the findings of this study may be of international importance. This study has several limitations. The exclusion of patients transported to hospitals outside the study region could result in sampling bias, the extent of which is unknown. As mentioned, the Dutch national trauma database does not register patients who are not admitted to the hospital. Although data of admitted trauma patients were prospectively collected by a dedicated group of trained data managers, our research group collected the hospital data of patients discharged from the emergency department retrospectively. These retrospectively collected data are not expected to affect the study results because this group consists of patients with minor injuries.
Conclusions
The present study shows that more than 20% of the patients with severe injuries were not transported to a level I trauma center. These patients are at risk for preventable morbidity and mortality. It also showed that the accuracy of the Dutch field triage protocol in selecting patients with severe injuries is low and therefore of insufficient help to EMS professionals. Our findings indicate the need for improvement of the prehospital triage protocol.
